Summary

Introduction
with the other members of the TARP family (Soto et al. 2009 ). However, the 140 potential impact of different TARP stoichiometry on AMPAR function is vastly 141 unknown. We wondered about the degree of the slowdown of CP-AMPAR 142 responses in two different TARP stoichiometries to determine whether an 143 increasing number of TARP subunits present into the AMPAR complex modulates 144 channel properties in a gradual way or whether the presence of two TARP 145 molecules is enough to provide AMPARs with a TARPed behaviour. We studied 146 two fixed stoichiometries using the fusion protein GluA1:γ2, which comprises 147 GluA1 and γ2 in the same protein product. The functional validation of this 148 construct has been previously reported (Soto et al. 2014 ). We co-transfected 149 tsA201 cells with GluA1 and/or GluA1:γ2 in such a way that GluA1 homomeric CP-150 AMPARs had zero, two or four TARPs per receptor. Then we extracted outside-out 151 patches from transfected cells and we applied a 10 mM glutamate step during 100 152 ms with a piezoelectric controller to acquire fast AMPAR-mediated currents. We analysed desensitization kinetics of GluA1homomeric receptors in the absence 155 or the presence of 2 or 4 γ2 molecules. Desensitization of GluA1 in the presence of the saturating concentration of glutamate -measured as the weighted time 1.23 ms for 2-TARPs and 187.49 ± 1.65 ms for 4-TARPs ( Figure 2C ; n= 8, 15 and 188 9 respectively; p<0.01 for all comparisons; student's t-test). contamination with GluA1(Q) homomers. We found that 80% of the responses showed a RI >0.7 (8 out of 10 recordings). Importantly, when we co-transfected 219 GluA1(Q):γ2 with GluA1(R) we observed RIs above 0.7 in all recorded patches 220 (n=9), a percentage that did not differ from the TARPless condition (p=0.4737; 221 Fisher's exact test). We examined the desensitization kinetics of these recordings 222 to confirm the effect of γ2 in the complex. As detected with GluA1(Q) forms, in the ). The NSFA also allows determination of the number of 253 channels contributing to a given response besides of the unitary conductance.
254
Henceforth, peak open probability (Po,peak) can be easily deduced from the 255 experimental mean peak current analysed. We therefore determined the Po,peak of 256 CP-AMPARs when 2 or 4 TARPs were forming part of the complex. As shown in 257 Figure 4D , we did not find any increase of Po,peak regardless of the amount of TARP 258 in the AMPAR complex (0.54 ± 0.06 for 0-TARP vs. 0.47 ± 0.06 for 2-TARPs; 259 p=0.3925 student's t-test; n=9 and 10 respectively) and (0.54 ± 0.06 vs. 0.62 ± 260 0.05 for 4-TARPs; p=0.3691 student's t-test; n= 9 and 17 respectively).
261
Additionally, no change between the 2 different stoichiometries was observed (0.47 262 ± 0.06 for 2-TARPs vs. 0.62 ± 0.05 for 4-TARPs; p=0.0885 student's t-test; n=10 263 and 17 respectively). We first explored the behaviour of homomeric GluA4c(i) (referred hereafter as GluA4c subunit. Since this might be relevant, we co-transfected GluA2, GluA4c,
292
GluA2:γ2 or GluA4c:γ2 to obtain 0, 2-TARPed in GluA4c, 2-TARPed in GluA2 or a 293 fully TARPed heteromeric AMPARs. We studied responses in out-side out patches 294 where GluA2 presence into the AMPAR was evaluated with the linearity of the 295 responses ( Figure 5A ). to GluA2 subunit compared with GluA4c (15.85 ± 1.62 pS vs. 9.72 ± 1.09 pS for γ2 306 attached to GluA2 or GluA4c respectively; p<0.01; student's t-test; n=10 and 20 307 patches), which represents a 309% and an 189% of conductance increase respect 308 to GluA2/GluA4c (5.13 ± 0.50 pS). Finally, peak open probability deducted from the 309 same NSFA did not seem to be affected regardless of the number of TARPs or 310 their location on GluA2-containing heteromers ( Figure 5E ).
TARP γ2 linked to GluA4c slows down desensitization kinetics of CI-AMPARs
313
The striking observation about a differential modulation of γ2 depending on its 314 particular position into the receptor prompted us to investigate whether other 315 properties of CI-AMPARs were also affected differentially when γ2 was linked to 316 one or another subunit. Figure 6A -B shows that desensitization kinetics of 317 GluA2/GluA4c heteromeric combination (0T) were slowed down only when γ2 was 318 linked to GluA4c subunit irrespective of a 2-or 4-TARP stoichiometry. Indeed, the 319 kinetics of GluA2/GluA4c:γ2 -2T(A4c) -were not different from 320 GluA2:γ2/GluA4c:γ2 -4T -(7.23 ± 0.43 ms for 2T(A4c) vs. 8.43 ± 0.61 ms for 4T; 321 p>0.05; Mann Whitney U-test; n=21 and 20 respectively; Figure 6C ) while both 322 combinations were slower than 0T or 2T(A2) (p<0.05; Figure 6C ). Finally, γ2 linked 323 to GluA2 subunits did not seem to affect GluA2/GluA4c desensitization (4.76± 0.28 324 ms for 0T vs. 5.42 ± 0.40 ms for 2T(A2); p>0.05; student's t-test; n=14 and 11, 325 respectively). Thus, kinetic behaviour in CI-AMPARs is apparently not changed by 326 γ2 unless the TARP is attached to GluA4c subunit. Regarding the activation time to 327 reach the peak current (rise time), we did not notice any variation amongst the 328 different combinations tested ( Figure 6D ). Figure S2C ). However, the block by perampanel in a 2- We next studied the recovery from desensitization in CGCs and compared the 386 results with the different CI-AMPAR combinations analysed in this study.
387 Surprisingly, we consistently recorded currents with an exceptionally slow recovery 388 that were different from any CI-AMPAR studied ( Figure 7I ). Given that no other 389 TARP seem to be present on CGCs except γ7, we asked if this auxiliary subunit 390 was responsible for the extraordinary slow recovery seen on AMPARs from CGCs. 391 We examined the presence/absence of γ7 by applying a 20 second jump of AMPA Another reason to explore resensitization in CGCs is that this property is a 528 potential way to discriminate for a fully TARPed AMPAR since it has been 529 suggested that resensitization is a fingerprint that indicates the presence of 4- showing that AMPAR properties can be modulated differently depending on the number of TARPs, the type of AMPAR and the specific interactions that these 590 auxiliary subunits set up with given GluAs. The broad number of possible 591 combinations of pore-forming plus auxiliary subunits and stoichiometries that can 592 be achieved on AMPARs generate a profuse diversity in glutamatergic responses 593 in the brain. One of the major challenges scientists of the field will face is to resolve 594 the exact composition of the AMPAR complex at different neurons. C57BL/6N wild-type mice were housed in cages with free access to food and water a gradual decrease in peak amplitude (run-down of the current). The mean
